Introduction
Sexual maturity is believed to occur earlier for domestic Norway rats (Rattus norvegicus) than for their wild progenitors (King & Donaldson, 1929; King, 1939) . However, age at sexual maturity may be related to genetic changes accompanying domestication (Price & King, 1968) or to environmental variables (Sadleir, 1969) or both. Artificial selection (both intentional and unintentional) for early sexual maturation may maximize productivity for animal breeders and is likely to have occurred. However, animals reared in the laboratory are exposed to environmental variables (e.g. nutrition, photoperiod) that may accelerate maturation and improve fecundity.
The following study compares a population of captive-reared wild Norway rats with two stocks of domestic rats in regard to the age at which sexual maturity and reproductive success is attained.
Materials and Methods
The wild-genotype stock consisted of laboratory-reared offspring of adults trapped at six locations in the vicinity of Syracuse, New York. The 24 wild males and 26 wild females were selected from 8 litters. Domestic rats consisted of 27 Sprague-Dawley males (selected from 9 litters), 26 Sprague-Dawley females (10 litters), 23 Long-Evans males (8 litters) and 25 Long-Evans females (10 litters). No more than 7 rats from any breeding pair were used.
Large litters were culled to 10 young immediately after parturition. Litters with fewer than 6 offspring were not used. Sex was determined at 10 days of age and litters were reduced to 7 offspring, as 3 males and 4 females whenever possible. (Martin & Richmond, 1972) Oestrus was induced in Sprague-Dawley and Long-Evans females by an intramuscular (i.m.) injection of 0-1 mg oestradiol benzoate in 0-5 ml sesame oil 60-72 h before pairing. At 6-8 h before pairing a second i.m. injection of 1-0 mg progesterone in 0-5 ml sesame oil was administered (Brown, 1974 (Asdell, 1964) . Number and sex of offspring in each litter were recorded.
Necropsies were performed on 4 wild females that had not conceived after reaching 187-244 days of age to determine, by the presence of pigmented sites of implantation, whether they had become pregnant and aborted or resorbed fetuses (Davis & Emlen, 1948 (Table 2 ; F = 80-1, d.f. = 2/73, < 0-001): wild females were significantly lighter than Long-Evans female rats (P < 0-001) which were lighter than the Sprague-Dawley females (P < 0-001).
First oestrus closely followed the time of vaginal opening, and ages and body weights at first oestrus followed the same pattern as that of vaginal openings ( Ages and weights at first conception were significantly different between stocks (Table 2; F   = 8-7, d.f. = 2/67, < 0-001, and F = 22-7, d.f. = 2/65, < 0-001, respectively). Wild females conceived significantly later than did females of the 2 domestic stocks (P < 0-05 in each comparison) whereas the domestic stocks did not differ. Body weight at first conception was significantly lower for wild rats than for Long-Evans females (P < 0-05) and the latter were significantly lighter than Sprague-Dawley rats (P < 0-05).
Litter size at first parturition differed significantly (Table 2 ; F = 22-9, d.f. = 2/66, < 0-001): wild females produced significantly smaller litters than did either domestic stock (P < 0-001 in each comparison) whereas the domestic stocks did not differ.
Only 9/21 (43%) wild females that gave birth reared all or part of their offspring to weaning. (One litter was cannibalized at birth and 11 litters were abandoned at various stages before weaning.) All domestic females raised a portion, if not all, of their offspring to weaning age. This difference was significant ( 2 = 29-5, d.f. = l,P < 0-001).
Discussion
The results of this study support the hypothesis that domestic Norway rats attain sexual maturity and reproductive success at an earlier age than their wild counterparts. Although it seems reasonable to postulate that artificial selection (both intentional and unintentional) was largely responsible for these changes during domestication, the role of "natural selection in captivity" (selection other than that instituted by man) cannot be discounted (Price & King, 1968) . In either case the data do not reveal whether the differences observed are due to stock differences in genotype or a genotype-environmental interaction (i.e. the environmental conditions to which the animals were exposed could be optimal for domestic stocks and suboptimal for wild rats). In addition, the wild rats used in the present study may or may not be representative of the wild ancestors of the domestic stocks studied. Therefore, inferences regarding the effects of domestication on the rate of sexual maturation in this species must be made with caution. (Leslie, Perry & Watson, 1945; Perry, 1945; Davis, 1949) indicate that free-living wild rats do not reach sexual maturity sooner than the captive-reared wild rats used in the present study, suggesting that rearing in a laboratory environment did not delay puberty in these animals.
Copulatory behavior was first evident in wild rats about 7-10 days later than in domestic males. In nature, selection for early puberty in rats may be limited because of the inability of very young males to compete successfully with older, more experienced males for oestrous females (Steiniger, 1950) . In captivity, one male is usually paired with one or more females of similar age (often at weaning), thus eliminating male-male competition for females. Under these conditions, the early maturation of copulatory function would confer an important selective advantage to the domestic male.
Disparity in litter sizes of wild and domestic rats in the present study corresponded closely to that reported previously (King & Donaldson, 1929; Barnett, 1958; Sloan, 1973) in captive-reared wild and domestic Norway rats. In all of these studies the percentage of wild rat pairs that produced offspring was relatively low and litter sizes for wild females were about two-thirds that of domestic rats. In other reports (Miller, 1911; Davis, 1951; Boice, 1972) litter sizes of free-living and captive wild-caught wild rats were comparable with those of domestic females. This suggests that the reduced litter sizes of wild females during the first few generations in captivity are in some way related to rearing in a laboratory environment and domestication would serve to remove these environmental constraints. King (1939) reported that the litter size of captive wild rats reached a level comparable with that of domestic and free-living wild rats after about 20 generations of breeding in captivity.
